I. ©. 6370 DecemsBer, 1930 


Vr. 


to er SriC a) ae a 
Joe 


DEPARTMENT OF COMMERCE 7 
a Pubric Docurent b 


UNITED STATES BUREAU OF MINES 
Scotr TURNER, DIRECTOR 


INFORMATION CIRCULAR 


METHODS OF MINING AT THE BLACK ROCK MINE, 
BUTTE & SUPERIOR MINING Cco., BUTTE DISTRICT, MONT. 


BY 


D. B. MCGILVRA AND A. J. HEALY 


I. C. 6370 
December, -1930,. 


INFORMATION CIRCULAR 


"DEPARTMENT OF COMMERCE - BUREAU OF MINES 


METHODS OF MINING AT THE BLACK ROCK MINE, BUITE & 
SUPERIOR MINING CO., BUTTE DIS?RICT, MONT. 


By D. B, McGilvra’ and a. J. Healy® 


INTRODUCTION 


‘This paper, deactibing the eign: etree and methods at the Black 
Rock mine, is one of a series of similar papers on mining methods in the 
various mes of. vee eee States being prepare’ by the Bureau of Mines. 

The Black. Rock ane: ‘ds located in the orthoast, corner of the Butte 
district, about 3.miles from the center of the town of Butte, and is owned 
and operated by the Butte & Superior Mining Co. 


The district is accessible by four railroads; daily aeroplane 
passenger service between the towns of Salt Lake ehty 4 and Gneae pete and 
improved automobile. roads from various points. 


Formerly, with large ore reserves, the black Rick wilne wioaaiea about 
1,200 tons of ore daily and employed about 700.men, froduction has decreased 
to about 500 tons per day at the present time. The ore is mined by a square- 
set-and-fill method and is shipped to a concentrator at anaconda for milling. 
The principal mineral produced at present is zinc. Up to January 1, 1930, the 
mine has produced 6,363,316 tons of ore containing 1,725, 704,828 pounds of 
zinc, 150,416,291 pounds of lead, 65,640,876 pounds of copper, 40,022,121 
ounces of silver, and 58,365 ounces of gold. 


- GEOLOGY 


The geology of the Butte district and of the caaar has . been described 
by the U. S. Geological Survey.4 3 


1 The Bureau of Mines will welcome reprinting of this article, provided the 

following footnote acknowledgment is used: “Reprinted from U. S. Bureau 
| of Mines Information Circular 6370." — . 

2 One of the consulting engineers, U. S. Bureau of Mines, and superintendent, 
Butte & Superior Mining Co., Butte, Mont. 

3 One of the consulting engineers, U. S. Bureau of Mines, and chief engineer, 
Butte & Superior Mining Co., Butte, Mont. 

4 Weed, Walter H., Geology and Ore Deposits of the Butte District, ‘Montana, 
U. S. Geol. Survey, Prof. Paper 74, 1912, 262 pp. 
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The Black Rock mine is on the eastern extremity of the Rainbow vein, 
which has a general east and west strike and an average dip of 80° to the 
" south. The width of the vein ranges from a few feet to 120 feet. Stoping 
widths range from one to 12 sets..or 7O0°:feet, The bulk of the production has 
been derived from this vein. Other veins occur, some of them of commercial 
importance. These veins are invariably narrow, averaging about 6 feet in 
width. 


The country rock is granite, Which has been intensely altered in 
proximity to the vein. The principal ore'‘minerals are sphalerite and galena. 
The gangue consists mainly of altered granite, | quartz, and pyrite. The vein 
structure presents a banded arrangement of ore and waste parallel to the walls. 


PHYSICAL CHARACTERISTICS: OF ORE. AND INCLOSING ROCKS 


a rs) 


The ore ranges from soft. crumbly sphalerite to hard Ua ee material 
composed of quartz and ephalerite, a 


Both walls of the vein are usually talc seams, which cause consider- 
able difficulty in mining operations. When a portion of the vein. 4s undercut 
the block of ore above tends to slide downward on the ‘slippery talc walls. 
Within the vein there are slips at right angles to ‘the walle. ‘When being 
stoped the ore often breaks off to these slips. | 


The granite country rock adjacent to the vein is ‘altered, in many 
places to such an extent that it may be crumbled in the hand. The degree of 
alteration of the granite is more pronounced near the wider portions of the 
vein and pecones eens: eneenee. as the distance from bee, vosu increases. 


In eenesal: .the ore na caciceiae face are mee eeone sseuen t.o 
support themselves even over. small spans. artificial support is necessary as 
soon as possible efter an popentne is: mae a. eS _ 


METHODS OF PROSPECEING AND EXPLORATION. AS a 
At present all prospecting is Aen _ means of arifte aaa crosscuts, 
In the past, diamond drilling and deep-hole prospect drilling with heavy 
Leyner machines were tried. 


we, 


_ .,The chief objection to long-hole drilling in the Black Rock mine is 
that the. information gained 1s entirely negative. A l-inch stringer of soft 
ore would: salt the-samples from the-hole for'the next.10-or even 20 feet of 
drilling. The only results that could’ be lee saath upon were: in holes where 
no mineralization was: encountered. ae 
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The diamond drill has been used mainly in. prospecting for new ore 
bodies. The chief objection to this form of prospecting is the rather high 
cost for the meager information gained. It is believed that most of the veins 
in this district are worthy cof considerable lateral development which can not 
be done with the diamond drill as cheaply as by crosscutting and drifting. 


The major problem in exploratory wor« is faulting. the search for 
faulted segments of ore bodies is simplified to a great extent ey studying the 
detailed eeclogical maps of the underground workings. 


“SAMPLING J AND ESTIMATION OF ORE RESERVES 


All development headings are sampled after each round is blasted. 
stope breasts are sampled at each alternate square set. Samples are taken 
with a hand pick. Structural irregularities of each’ breast sarpled are con- 
sidered in taking the samples. Each band of ore is sampled separately, and 
the width of the bands of ore and waste is measured. Ihe average grade of the 
ore, when ‘broxen, is calculated from the measurements. and the values of the 
samples. 7 : | yo oe oe 


Ore reserves are estimated by multiplying the length, height, and 
average width for individual: blocks as outlined by development work. The 
tonnage factor is 10 cubic feet for each ton of ore in place. In estimating 
positive and probable ore, the characteristics of each section of -the vein, as 
determined by past mining operations, are taken tnto consideration. 


DEVELOPMENT 
Shafts 


Entry to the mine is made by three vertical shafts--one main hoisting 
shaft and two auxiliary shafts used for ventilation and transportation of 
supplies. The level interval is 100 feet for the first 1,900 feet, and 150 
feet to the bottom stoping level, which is 3,000 feet. 


Each of the three chafts is divided into three compartments, two of 
which are 5 feet by 5 feet 2-inches in the clear ana the otner 3 by 5 feetin 
the clear. The smaller compartment is used for air and water lines, pump 
colurne, and electric cables, and as a manway, 


One of the auxiliary shafts is used exclusively for ventilation vour- 
poses and the other for lowering supplies into the mine. Tnis supply shaft 
extends to the 2800-foot level. . From the 2800-foot to the 3700-foot level the 
main hoisting shaft has been sun with an additional "chippy" corpartment for 
lowering supplies to the deeper portions of the mine, An auxiliary hoist 1s 
located on the 2800-foot level to serve the chippy compartment. 
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In sinking the main shaft a crew of six men is emploved on each of 
three shifts. A crew comprises four miners, one bucxet dumper, and an 
engineer. | 


The cycle of operations in shaft sinxing is as follows: 


Cperation Yime 
Drilling, loading, blasting ... 8 hours 
PMD EL INE oe ds.0 ie gece doe te tenant eater ». 4 to 6 hours 
Selon A=) hg! ae re ee ee ey ae sigh ative 16 to 20 hours 


Unmounted machines of the jackhammer type are used in sinking. 


The round used in medium ground is shown in Figure 1. In harder ground 
the bottoms of the cut holes are brought closer together. | 


Blasting is done with 30 per cent strength gelatin dynamite and No. 8 
electric detonators. A few sticxs of 60 per cent dynamite are used in the 
bottom of each cut hole. . 


Round stulls are used for blasting logs and are chained to the wall 
plates. | . 


Shoveling is done by hand, using two sinzing dvuckets of 13 cubic 
feet capacity. | | 


The wall and end plates of the shaft are of 12 by 12 inch timber. 
Dividers are of 10 by 12 inch timber. Sets are placed on either 4 or 5 foot 
centers, depending on the ground. In heavy ground cribbing is used with the 
halved metnod of framing at the ends of the wall and end plates. 


Parts of the main shaft are in soft swelling ground, and jacket sets 
have been installed at these places. The manner of framing and position of 
the members of the jacket sets are shown in Figure 2. The advantage in the 
use of the jacxet sets is that replacements or repairs can be made in the _ 
shaft timbering without interfering with hoisting operations through the shaft. 
In several instances 300-foot sections of the main shafts were retimbered at 
tne rate of 4 feet per day without interfering with the daily production of 
1,400 tons of ore and waste. Without the jacket sets a repair job of this kind 
would necessitate a shutdown. 


Drifts ana crosscuts 
Three sizes of drifts and crosscuts are driven. 


Drifts in ore are driven 8 by 10 feet in cross section and are tim- 
bered with sill sets (fig. 3B). 
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Figure 2.— Floor of jacket sets with cribbed shaft 
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Jrifts or crosscuts driven in waste rocs, where timbering is 
necessary, are driven 7 ty 9 feet in cross section and are timbered with 
tunnel sets (fig. 3C). Very heavy drifts in ore are sometimes driven ? by 9 
feet and timbered with tunnel sets. ee 


eepronatony crosscuts waich do not require timber are driven with an 
arched back and are 6 by 8 feet in cross section. 


Machines of: the Leyner type, mounted either on a cross bar or on an 
arm attached to a column, are employed in Grilling. The Hawxesworth bit? is 
used. : 


Ground conditions vary to such an extent that the employment of a 
standard round in drilling is imoossible. he round used for drilling in soft 
ground is shown in Figure 3A. In medium hard ground a line of "easer" holes 
are drilled between the back and the breast holes. In drilling ravelly ore 
the round is Grilled upward instead.of down, When ‘drifting is done with a 

smooth slipvery wall on one side the cut is taken toward ee wall. the aver- 
age round will breaz about 4 feet ahead cs ene face. i | 


Gelatin dynamite of 30 per cent ets ie used pcteiene: the mine. 
In places where the ground is tight three or four sticxs of 60 per cent dynamite 
are used in the bottom of. each cut hole and each lifter. The shift boss in 
charge of the men determines the amount of explosive to be used for each round. 
Blasting is done with No. 6 detonators and fuse. whe primer cartridge is the 
second sticik from the bottom in-each hole. all rounds except shaft rounds are 
fired either with carbide lamps or a piece of lighted fuse. Stemming is not 
used. 


Timbers are placed in position close to the working face, usually with- 
in two sets. In ground that sloughs readily tne timber is placed up to the 
working face. ,..In places it is necessary to use booms to suspend the cap and 
overhead lagging before mucking. After muc:cing is Conpnetcs the posts are 
placed under the caps. 


All shoveling is done by hand Girectly into cars. In driving a drift 
or a crosscut the usual arrangement is to employ two men on each shift. One 
crew of two men will eee and blast, and the following shift will 
snovel and lay track. When speed is essential three men are employed on each 
shift, anda drilling ¢ and mucking are carried on simultaneously. ihe drill is 
mounted'on a crossbar when driving a heading in this manner. 


5 Berrien, C. L., Develoment and Installation of the Hawxesworth 
Detachable Bit: Min. Cong. Jour., vol. 16, March, 1930, pp. 258-270. 
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Raises. 


Raises are driven with a chute and manway compartment. The manway | 
compartment carries the air and water pipes, ladders, timber slide and some- 
times een tubing’ (fig. 48). 


Si square pee is. aeed in raises in Heyy ground. Caps are 
used for posts in places where the ground is too saat to permit taking out 
enough ground OF placing a standard set. — 


The étuke set of the peice is lined on all sides with either 2 or 32 
inch lagging placed paves with the peer es 


There are two methods of bulkheading the manway eh blasting: (1). 
A floor of 5 by 10 inch lagging is laid horizontally over the top set on the ~ 
Manway side, and access to the back of the raise after blasting is gained 
through a manhole left in the chute lining. (2) A’slide of 5 by 10 inch 
lagging is built over the manway on the. top floor, and access to the back of 
the raise after blasting is made by raising the top lagging. 


The raise round shown in Figure 4A is used in soft ground. In medium 
ground another line of holes would de. needed. In hard ground the "V"-cut : 
round would be used. 3 | 


Wet self-rotating and wet hand-rotated stoper machines are used in 
raises. Qne-inch de steel sa used for Howkesworsh shants for 
stoper machines. 7 ne 


MINING 


Conditions governing the cnoice of mining aietheds never allow much | 
latitude. The walls of the vein and the ore body itself are very heavy and 
will not stand open, even when supported by timber. The vein when undercut — 
' needs support as soon as an opening, is made and soon develops a good deal of 
side and down weight. 


The square-set stoping method is used throughout the mine, giving the 
maxinrim support to the walls and back, and fills -the need for a flexible method 
of mining. Waste filling is kept as close as possible to the mining breast. 
Very often additional support is needed, in which case bulkheads, either solid 
or cribbed, are carried through from one level to another as the stoping © 
progresses. 7 


The manner of using the square-sets varies to euit local’ ground condi- 
tions. In general the ground in the Black Rock mine may be divided into three 
Classes, as follows: 


1. Ore and walls strong enough to be mined by carrying a stope upward 
with square-sets followed closely by waste filling. 
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Figure 5.= Section of stope, footwall view 


©. Loose and running ground tiat would cave if worced upward. This 
class of ground is mined by underhand stoping, carrying the square-sets down- 
ward. - "5 | | 


3. Ground intermediate between the above two classes, which is mined 
by a top-slicing method using square-seis. 


Square-Sets 


The standard square-set dimensions are 5 feet 10 inches by 5 feet 
10 inches in section and 8 feet in height, measured center to center. The 
style of framing used is shown in Figure 6. <All stope timber is round, and 
ranges from 10 to,12 inches in diameter. Caps and posts are framed alixe, so 
that they are interchangeable, Occasionally, in heav,” ground caps are used as 
posts. oS , 


Overhand Square-Setting (fig, 5) 


Preparatory to stoping, a drift is driven along. tne footwall of the ore 
body. The crift is timbered with framed sets having 8-foot posts. In former 
years the practice has been to sill off the width of the ore body on the sill 
floor. At present silling off for stoping operatiors is done on the first floor 
above the level. Chutes are installed at average intervals of 30 feet along the 
drift. ‘ 


In starting a stope "sheeting caps" are pincea and blocked about 14 
inches above the sill cap (fig. 3B). A short piece of lagging is placed under 
each end of each cap to hold it in place until the side weight is sufficient to 
hold the cap in position. When the second floor of the stope is completed, 
sheeting poles are laid across the caps and scrap timbers are placed over the 
sheeting poles to hold the waste fill. «A similar procedure is followed if the 
stope is silled on the level, in which case the sheeting is carried on braces 
between the bottoms of the posts. 


A stope is carried upward in short blocxs ranging from 4 to 10 sets in 
length. A chute and a manway are carried at the end of the blocx and will in 
time serve as a supply raise for the next block, Where the vein is wide the 
hanging-wall half of the vein is stoped out first and the footwall-half later. 
Two-inch lagging is used to retain the waste fill on the end of the stope ad- 
joining ore in place. 7 


The usual practice in stoping is to blast out ground enough for one set 
of timbers at a time. The ore is shoveled by hand into chutes or blasted onto 
a slide if clean enough. The waste occurring between the bands of ore is 
usually blasted separately and drooped directly into the "gob." Where it is 
impracticable to blast the waste separately the round is blasted and held on 
the mining floor and sorted by hand, Extra waste needed to complete filling is 
obtained from the level above. Temporary flooring is lai@ over the entire area 
of each floor, and taken up before filling is run in. 
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Stope chutes are lined with 2 or 3 inch plan: or by "bricizing," depend- 
ing on the expected life of tne chute. "Briciting" is the local term for a 
method of lining a chute by means of alternate rows of braces and short 
pieces of waste timber (fic. 6). A "bricked chute" will stay open longer and 
stand more wear from rocx than a planxed cnute, and in heavy ground it will 
steady a stope as well as a bulkhead. | 


Stopes over two sets in width usually require bulkheads in addition to 
square-sets and waste filling. Usually a crib bulkhead, built with stope 
posts and braces, is sufficient. When the ground over a bulkhead is mined, 
the bulknead is moved up a floor and waste put in its place on the floor below. 


When a block has been mined to within two or three sets of the level 
above, a line of sets from foot to hanging wall is carried upward. The sill 
timbers above are caught with "stringers." The next line of sets is then mined 
in the same manner. The first line of sets is filled while the second line is 


being mined. Small poles are used to nold the waste filling in place. 


When a sill floor is stoped from below, it is usually abandoned and no 
attempt made to fill it. If necessary, bulkheads are used to holc it open 
temporarily. The drifts likewise are not usually maintained after being 
undermined. | 


Underhand Mining With Souare-Sets > 


In underhand square-setting, a raise is first put through from one 
level to another in the ore body to be mined. Starting from the raise a cut 
is taken into the ore body on the floor below the upper sill. "Booris" are 
then put in place, catching the bottom of the sill timbers (fig. 7). "Booms" 
are 5 by 10 inch timbers 13 feet long. There are two methods of holding the 
timbers above while the ground for the set below is being tazen out: (1) If 
down weight is excessive, booms are usec for every set. In this case two 
pairs of booms are used, the upper pair being moved down as mining progresses. 
(2) If side weight is excessive a diagonal stull will be sufficient to hold the 
cap in place while the ground is being worked out for posts.. ee 


After the first set is in, the ground for the set directly below is 
taxen out. Mining progresses cownward in this manner for about 50 feet. At 
this point an intermediate level along the footwall is established to be used 
for tramming ore back to the raise chute (fig. 8). Starting at the top another 
set is mined down. This cut is taken from the first set toward the hanging 
wall. Mining is continued following this procedure until a line of sets from 
foot to hanging wall is mined out vertically fromm the upper sill to the inter- 
mediate floor. The-next line of sets is then mined out in the same manner. 

As mining progresses, waste filling is put in and held in place by small poles 
or broken lagging. Usually a complete column of scts is filled at one time, 
consisting of one set on each floor for the entire height of tne stope. Iwo 
sets from top to bottom are ‘zept open at all times, and are used for a chute 
-and manway. One set in each line is always in use temporarily as a chute from 
the stope to the intermediate floor. It is not necessary to line the sets 
being used temporarily as chutes. 
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Figure 6.— Sketch show 
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Figure 7.— Sketch showing method of using booms in underhand mining 
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Figure 8.= Section showing underhand stopes 
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As soon as a few lines of waste are put in between the original raise 
and the breast of the stope, a similar stope may be started in the opoosite 
Girection from the original raise. When this new stope has advanced two lines 
tne original raise is abandoned and filled from the intermediate level to the 
upver sill. 


the ore below the intermediate is worxed in the same way after the 
upper half is worked out. 


Caps are used for posts in underhand stoping. 


The upper sill is usually abandoned before or during mining operations 
below. Access to the stopes is gained by footwall laterals and short cross- 
cuts. The waste from driving these openings is conveniently used for stope 
filling. 


Top Slicing With Square-Sets 


Top slicing with square sets is used in heavy ground that would or- 
dinarily be worked with the underhand method, except for some abnormal local 
conditions that makes it impractical to hold intermediate workings open for 
any length of time. 


Depending on the ground, the slices are taxen off one to three floors 
in height. When more than a floor is to be taken, a drift is run to the end 
of the ore block on the footwall of the-lower floor and timbered with square 
sets, Then starting at the end of the ore block the floor above is mined back 
to the raise chute. If there are two floors of ore above the intermediate 
sill the two floors are mined together in retreating. Either standard sets or 
“cap sets" such as are employed for undernand stoping are used in this method 
of mining, depending on the height desired. When all the ore on and above the 
intermediate sill has been worked out a new slice is started below from the 
raise and worked in the same manner. No filling is used, and although the 
posts are not blasted out, the upper workings soon close in and fill themselves. 
Temporary flooring is used in each slice, which is recovered before the slice 
is abandoned. | 


Underground Transportation 


Three-ton storage—battery locomotives are used on the main worling 
levels. Two small storage-battery locomotives that can be moved from level to 
level are also employed. On levels where only a small amount of work is being 
done horse-drawn cars and hand-tramming are used. 


Anaconda-type, end-dump, 13 cubic foot capacity cars are used on most 
of the levels. Two levels are equivped with side-dump, 35 cubic foot capacity 
cars. Maintenance of long drifts in heavy ground makes the larger cars 
impractical on most levels. 
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the trac: gage is 18 inches throughout the mine. On tne main haulage 
levels 25-pound rails are used. On intermediate levels 16-pound rails are 
used, ° 


=olsting is done in balence with szivs of 7 tons capacity. Above the 
S-rlps is a Gec.c for the station tenders. 


Men are hoisted and lowered on 4-decx cages, each “holding eight men. 


Ine Gevice for changing the s'tips anc cages is above the collar of 
the shaft. The cages and sxips wasn not in use are Suess onto a crawl, where 
they can be readily inspected and overhauled. 


Rock dumped from the s‘csip is diverted into ore or waste bins by air- 
operated doors, 


scip pocxets are built on each level. In the upver half of the ore 
pociet small waste pockets are built. The capacity of the ore pockets ranges 
from 50 to 150 tons. Air-operated gates are used to control the flow of ore 
into the sicips. 


To catcn the overflow from the sixips chutes are installed in the 
hoisting compartments at the bottom of the shaft. From these chutes the over- 
flow from the sxips is loaded into a car and hoisted through the "chippy" com- 
partment to the level above where it is aumped. into the _sxip pocket. 


wee 


HOISTING 


The main hoist is an electrically operated first-motion double-drum 
hoist. Hach crum is 9 feet in diameter, with a 7 foot 10 inch face. Rope speed 
is 2,300 feet per minute. Tne cable is. 13 incnes in diameter, and of Lang-lay, 
6 by. 25 construction. ‘The hoist installation is capable of hoisting a 7-ton 
‘sxip from a aepth of 5. 000 Teet. 7 7 


The noist is driven by a 2,000-hp., 600-volt, direct-current motor. 
fhe motor generator set consists of a 2,000-hp., S-phase, 60-cycle, 2,200-volt 
motor, a steel-vlate flywheel weizhing 138, OCO pounds, and al, 500-leW. , 600- 
volt, 2 , 500 ampere airect-current generator. 


The hoist for the supcly ‘shaft is an electrically operated double- aria 
single- reduction hoist. The crums are 8 feet in diameter with a 7-foot face, 
ade as for a 1-1/8 inch rope. Hoisting sveed is 1,600 feet per minute. The 

holst is driven by a 600-hp., 500Q-volt » 960-ampere, 450-r. P. m. motor. 


Both hoists are equipped with Welsh safety cevices which give protec- 
tion against overload, oversoeed, overtravel, and provide automatic slowdown © 
at both top and bottom of trip. The main hoist is, in adcition, equipped with 
a Johnson trip recorder, showing time, duration, and number of trips from each 
level. 
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FIRE HAZARDS 


The large amount of timber used underground and the weight of the 
ground on the timber in places where electric cables are used present fire 
hazards that mist be watched constantly. These hazards are reduced as much 
-as possible by regular inspection of all underground worizting places. Condi- 
tions reported as dangerous are remedied as soon as vossible. 


A high-pressure water line for use in case of fire is in place in the 
shart from the collar to the lowest wor:ing level, with a taie-off at each 
station. From the taxe-off line there is a by-pass to the air line at each 
level, All stations are equipped with automatic sprincxlers. 


Oxygen breathing helmets are xept in good working order in the first- 
aid room on the surface. All shift bosses, foremen, and engineers are 
trained in the use of the helmets. In addition, a large number of the under- 
€round employees have had training and experience in the use of the helmets. 


Exits to the adjoining Elm Orlu property are maintained on four levels. 
SAFETY METHODS 


fhe company employs a safety engineer in the mine. A trained first-aid 
man is on duty each shift at the collar of the snaft. 


A sustained effort is made to reduce the causes oi accidents in the 
mine. Twice a month the mine superintendent calls a mecting of safety 
engineer, mine foremen, and snift bosses. All conditions in the mine that 
might cause accidents are brought to the attention of tne meeting by tnose 
present. After discussion, remedial measures are deciced upon. 


Shift bosses having a record of no lost- time accidents for a monthly 
period are given a casa Donus. 


Blackboards are placed on all stations for reporting missed holes in 
blasting. 


All chutes are covered with 10-inch round grizzlies with a maximum 
ovening of 10 inches, 


VENTILATION 


The Black Roc:x mine is developed from three sharts, No. 1, No. 2, and 
No. 3 (fig. 9). No. 2 and No. 3 shafts are only 50 feet apart, and are both 
dowricast, wnile No. 1 is uwocast. «A large centrifugal fan is used an an ex- 
hauster at the collar of No. 1 shaft. This fan has an impeller 7 feet in 
diameter and 33 feet in width and runs at a soeed of 350 r.p.m. It is belt- 
connected to a 200~-hn., 575-r.p.m., 2,eC0-volt, altcernating-—current motor. 
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fhe fan was primarily used as a pressure fan but due to the fact that the 
main operating shart, No. 3, is the deepest snaft ard extends to the 3, 7c0- 
foot level, wnile No. 1 goes only to. the 2,000-foot. level, it is more satis- 
factory to have No. 3 downcast and No. 1 upcast. he ground around No. 3 
shaft is very heavy, and when this snaft was uccast a tremendous amount of 
shaft repairs was necessary. By maxing No. 3 shaft downcast, considerable 
saving in shaft repairs has been accoinplished. 


Waen the fan was used as a blover tae volume of air circulated was 
150,0CO cubic fect at a pressure of 4 inches water gaze. Used as a suction 
fan the cavacity is 110,000 cubic feet of air per minute. The suction as 
shown by tne water gage is 1 inch, because the fan is getting its load much 
easier since there are connections on almost all of the upper levels, where 
mining is being done. The worer circuit in the mine exterds to the 1,700- 
foot level; below this elevation a booster fan supplies the air. 


Tae booster fan is 100 feet east of No. 3 shaft on the 3000-foot level. 
This fan has an impeller 4 feet in diameter and is a centrifugal blower with 
the vancs tipped backward. It is direct-connected to a 75-hp., 900-r.p.n., 
2,200-volt alternating-current motor. The fan has a capacity of 65,006 cubic 
treet cer minute. 


Centrifu;al fans, motor driven, having imnellers 24 and 15 inches in 
diamcter, are used for secondary ventilation. Canvas tubing 12, 16, and 24 
incnes in diameter is used with these fans. : 


Compressed-air-driven, straignt-flow fans are used for ventilating 
drirts, raises, ard dead-end stoves if the distance is not too great. Iwo 
tirpes OF compressed-air fans are used. One type has two nozzles for attach- 
ment to the comoressed-air line, and the other has only one. The most valuable 
factor in favor of the air-driven fans is the ease with which they can be moved 
from place to place, anc the simplicity of installation, as only a platform 
and a connection to the air line are required. 


Ihe size of the airways is determined by the mining conditions and not 
by the ventilation requirements. 


Possible snort-circuiting of ventilating currents is prevented bz 
aqouble doors forming air loczs. Where the volume of traffic mases it cesirable, 
these doors are operated bi compressed-air cylinders and counterweights. 


WAGE SCALE AND BONUS SYSTEM 


The wases paid at the black Rocx mine are the same as are paid through- 
out the camp. The wase scale fluctuates, and in the last 7 vears the miniumum 
daily wage paid underground was $4.75 and the maximum $6. The wage scale 
effective in the district in May, 1950, for the principal classifications of 
underrround emplorees was as follows: 
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Hoist engineer (surface) ........ 56.50 

Ma TOY 6 2dnare So. eae eae tae Se ee ee . “ose 
WCCO dante, barca cr noses antec gare eee eters opr as. 
MOGOPMSN: -4 3-400 Seale ew eee Sandan 5.25 

i eabics| 6106 bo reer er ge meae get me eee ere 6.COG 

PI PEMANE vc esraeecnes i Sisarearte esos enw DELO 
Shaftman (sinking) .......c.ccee. 5.75 (contract wor's) 
Shaftman.(repair) s«0veescds eens 5.75 | 
Staclon: TONG? : .ciss wanes tases 5.75 
DIMDOTMAN) 4 0u edie heed See Sid acetebane 5.20 

DV AMMO T™ 535.6 ochre ane eo aed de ee ae ae 5.25 


Practically all breazing, shoveling, and timbering overations are done 
on contract, as the term is used. It is really a bonus system and not contract 
work, as the men are given a certain definite price for the worx to be done 
and if they maxe more money than the day's-pay rate they are paid the extra 
money as a bonus at the end of the period. If tne men fall below the day's- 
pay rate they are guaranteed a minimum daily wage, but the particular place 
is investigated to see whether the failure to make bonus is due to conditions 
or price. 


Tne samplers who taxe daily samples underground also keep a close 
cnecic on all contract work and carry notebook sixetches with them at all times 
showing a plan view of the woring place. Notes are made from time to time of 
the progress of the work. The engineering department staff also aids in the 
measurement of contracts. Contracts are measured and calculated twice per 
month, but the bonus is paid once per month. 


Prices are set by the chief contract engineer, and all contracts are 
cnecxed by him at the middle and end of each month. A large sheet is kept in 
the office on which a plan of the work being done is sixetched, and all calcu- 
lations are shown so that the miners themselves can see what has been .paid. 


The price for drifts is generally $7 per linear foot, an over-all price 
that includes breasing, shoveling, and tramming. All timbering is paic for 
separately at $5 for each set of timber. 


All timber for contract work is trucked by the miners at a price ranging 
from $0.50 to $1.50 per set, depending on the distance and conditions. 


Nearly all raises are paid for at the rate of $0.080 to $0.100 per 
cubic foot of completed raise. This price is split up into $0.050 to $0.085 
per cubic foot for breaking, $0.015 to $0.020 per cubic foot for timbering, and 
$0.015 to $0.020 ver cubic foot for lining chutes. 


Stope contracts are paid at a price. ranging from $0.065 to $6.100 per 
cubic foot. ‘the price varies, depending upon whether the rock is handled by 
sliding, mucking and sorting, silling, or uncernand stoping. ‘The over all 
price is divided into prices ranging from $0.025 to $0.040 for breaxing, 
$0.025 to $0.040 for shoveling, and $0.015 to $0.020 for timbering. 
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Other operations, such as stove ane. $3 to $6 per set; bulkhead- 
ing, $5 to $10 per set; raising chutcs and manvays, $12 to $16 for chutes and 
manways; and traning, $0,015 to $0. 030 per cubic foot, are also on contract. 


fne wice variation in prices aapeaiievi on the hardness of the ground, 
method of handling ore, and general conditions at the worlcing places. 


The plan of maicing contracts where the men buy their own powder and 
are paid watever they maze without the guarantee of a minimum wage has been 
tried. 


The bonus system now being used has been successful, and it is the 
best plan which has been tried thus far, If the rates are equitable and 
fairly uniform for similar wor, the miner who understands his business is 
paid a premium for accomplishment. : | 3 


Shaft retimbering and renoval of oe shaft. enseee. are paid for at 
the rate of ail to $20 per linear foot for removing old timber and putting 
in new. 
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SUMMARY OF COSTS IN UNIZS oF LABOR, POWER, AND SUPPLIZS 
Name of Mine: Black Rock Period Covered: wWovember, 1929 
Tons of ore mined and hoisted: 15,929 
Mining method: Square set and fill. 


A. Labor (man-hours per ton): 


Breaking (Grilling and blasting) .....-2-+-- 0.940 
Timbering and Pilling Or eer er er era 1.170 
DI OY CLI x. cesce ss meen wea orale ww eee eee ee : - 740 
Haulage and hoisting ..........0.. ee ee 570 
BUDE TV 18100. 24 baa eyo yee sae eee eeu a -c08 
GONG D AL 05s reeenenti a Sa ties etareet anaes er | ope, 
fotal labor underground ........0e06: Go ene 4.758 
average tons per man shift .........-e.+ee% 1.700 


Labor, percentage of total cost ........... 69.8 
Average tons per man-shift on surface, 
properly chargeable to underground | 
QOUETAULON ccacey nade Wer teutae heehee e eerie | 5.4 


B. Power and supplies: 


Explosives (lbs. per ton) 30% eich rare aoe fare 1.64 
(1bss per ton) 600" s4.5aecurdae ware : 09 

Timber (bé.ft. per ton, sawed stociz).. ee | 1220 
(linear ft. per ton, round timber).. 2.8 

Total power (icw. hrs. per ton) s saactiias ge autor o% 53.7 
Ao ALE COMDLFESS ION: 224.q0.842.5) 4:8. oles yea es 29.8 

Go OMS VLE ceGu gg ted ctdeatevaeomare wUee beset ete 10.3 

Oe A OI va wile dog ate eS eine ate aera ees 4.2 

Gy. VONULLACAON: bxis ite G0 ea ee nee eee eras 8.1 

Ds. EPO INe: stcnsriaie x iim ae eye ose 1.3 

Other supplies in percentace of total 


SUpPPLAes ANG. DOWEY sins oda giehehe Coe seu ‘i | 41.7 


supplies and power, percentase of total 
COSU. gaa ee eine Se hid arate dordsg Gas ane eee ae re | | 30.2 


C. Percentace of total cost: 


DVO Ae crak won otra. Waits eee ee a We aie eS ene 78.2 
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DETAIL OF DEVELOPMENT COSTS IN UNITS OF LABOR, POWER, AND SUPPLIES 


Total 
Cross- =: - all 
Sinking Drifting cutting | $ Raising develop- 
| ' ment 
Size of excavation, ( 7 by 9. | . 
COU: sxcteeeds ae eats (8 by 18 8 by 10 6 by 8 by 14 
Timbered or not .... Yes Yes "No ‘Yes 
Physical properties 
of rock: -_ Dee ee . 
(a) Hard or soft Generally Generally Generally ' Generally 
hard .sssi‘<iésr A =—“i;s*sé‘“CSCO@tare hard 
(b) Firm or loose (Considerable Considerable Considerable Considerable 
(¢) swelling or (swelling swelling swelling swelling 
running ground (ground . _ ground — ground = ground 
A. Labor (man-hours per foot) 
Breaking (crill- 
ing and blasting) ( 
Timbering ( 7 a | 
Shoveling ( ieee . 
‘ for Loyd 12.3 
Haulage and hoist- ( °°° ae : 
ing; ( 
Suvervision ( 
Total labor 58.5 9.6 “oor LSsi: | 12.3 
Feet per 8-hour te ene | 7 
man~-snift 0.14 — 0.8 Sede 0.53 0.65 
B. Power and supplies 
Explosives (lbs. — | 
per foot) 21.0 12.5 9 | 9.9 11.8 12.3 
Timber (bd.ft. per 
foot advance) 596 45.0 20.0 101.0 — 73.5 
C. Labor, percent of total cost 
oe = - = -- 68.7 
Power and Supplies, per | a ee | 
cent of total cost - - -- ee ae 31.3 
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«/ by 3 1/2 foot fan exnausting 
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75 hp. booster fan 


Figure 9.—- Longitudinal section showing ventilation diagram 
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